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The latest experimental results in bottomonium and charmonium spectroscopy from CLEO is presented.
Heavy quarkonium cc¯ (cc¯ charmonium, bb¯ bot-
tomonium) provides the best means of testing
QCD, both the validity of perturbative QCD
and potential models, and lattice QCD calcula-
tions. Bottomonium is better than charmonium,
both because it has smaller relativistic problems
(< v2/c2 >≈ 0.1 versus ≈ 0.2) and smaller cou-
pling constant (α ≈ 0.2 versus ≈ 0.35), but much
less high precision spectroscopic information is
available for bottomonium. No bb¯ singlet states
are known, and very few hadronic and radiative
decays are known. Nevertheless, progress is be-
ing made through recently taken Υ(nS) data with
CLEO III with much larger luminosity than be-
fore, the event counts being Υ(1S) ∼ 20 million,
Υ(2S) ∼ 10 million, and Υ(3S) ∼ 50 million.
With the beginning of the CLEO-c program, in-
teresting new results are also being produced in
the charmonium region, ψ′(2S) ∼ 3 million.
I will now review some of the most recent
results, first in bottomonium spectroscopy, and
then in charmonium spectroscopy.
1. First Observation of New Υ(1D) State of
Bottomonium
No D-wave (l = 2) states have ever before been
identified in bottomonium, though both 1DJ and
2DJ states are expected to be bound. CLEO has
now observed the Υ(1D) state in the following
four photon cascade[1]:
Υ(3S)→ γ1χ(2P )→ γ1γ2Υ(1D)→ γ1γ2γ3χ(1P )
→ γ1γ2γ3γ4Υ(1S)→ γ1γ2γ3γ4(e
+e−, µ+µ−),
which is illustrated in Fig. 1. The num-
ber of signal events observed was 34.5 ± 6.4
and the significance of the signal was 10.2σ.
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Figure 1. 13D2 detection in 4-photon cascade.
M[Υ(13D2) = 10161.1 ± 0.6 ± 1.6 MeV, and
B(γγγγl+l−)Υ(1D) = (2.6± 0.5± 0.5±)× 10
−5.
2. Measurement of B[Υ(nS)→ µ+µ−]
The important parameters of Υ(2S) and Υ(3S)
resonances, that is, leptonic widths, Γee, and total
widths, Γ, are not well established. Measurement
of Υ(nS) decay to muon pairs relative to hadrons
near resonance peaks gives
B˜µµ =
Γµµ
Γhad
=
N/Υ→ µ+µ−)/ǫµµ
N/Υ→ hadrons)/ǫhad
Assuming lepton universiality,
Bµµ = Γµµ/Γ = B˜µµ/1 + B˜µµ.
Bµµ[Υ(1S, 2S, 3S)] have been measured using
this method [2]. The results are shown in the ta-
ble below. We note that while the Υ(1S) result
1
2is in good agreement with the PDG04 [3] value,
the new results from Υ(2S) and Υ(3S) have much
higher precision, and are quite different than the
PDG04 values. We also note that analysis of
CLEO III resonance scans (in progress) will pro-
vide separate measurements of Γee and therefore
lead to precision measurements of Γ = Γee/Bµµ.
Bµµ(%) CLEO Bµµ(%) PDG
Υ(1S) 2.49± 0.02± 0.07 2.48± 0.06
Υ(2S) 2.03± 0.03± 0.08 1.31± 0.21
Υ(3S) 2.39± 0.07± 0.10 1.81± 0.17
3. Υ(1S) decays to Charmonia
Υ(1S) decays to J/ψ, ψ′, and χc1,c2 have been
measured. The decay Υ(1S)→ J/ψ+X, J/ψ →
e+e−, µ+µ− leads to [4]
B[Υ(1S)→ J/ψ +X ] = (6.4± 0.4± 0.6)× 10−4,
which is nearly a factor two smaller than the cur-
rent PDG04 value of (11 ± 4) × 10−4, and has
much smaller errors.
The J/ψ momentum distribution is found to be
in clear disagreement with the prediction based
on the color octet model [5], and in qualitative
agreement with the color singlet model.
4. First Observation of χ′b(2P )→ ωΥ(1S)
For the first time in a bottomonium sys-
tem, a hadronic transition other than Υ(nS) →
Υ(n′S)ππ has been observed [6], with
B[χb1(2P )→ ωΥ(1S)] = (1.68± 0.38)%
B[χb2(2P )→ ωΥ(1S)] = (1.10± 0.34)%
5. Discovery of η′c(2S)
The Belle experiment observed η′c(2S) in two
different channels with a mass average of [7]:
M(η′c) = 3641± 8 MeV
CLEO [8] and BaBar [9] have observed η′c(2S)
in two photon fusion
e+e− → (e+e−)γγ; γγ → (ηc, η
′
c)→ KSK
±π∓
The KSKπ missing mass distributions for the
CLEO measurements are shown in Fig. 2.
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Figure 2. KSKπ invariant mass distributions for
CLEO II and CLEO III independent data sets.
CLEO [8] measures the parameters M =
3642.9 ± 3.1 ± 1.5 MeV, Γ < 31 MeV (90% CL)
and Γγγ = 1.3± 0.6 keV.
The average of Belle, BaBar, and CLEO mea-
surements is M [η′c(2S)] = 3637.4± 4.4 MeV.
The 2S hyperfine mass splitting is therefore,
∆M(2S) =M [ψ′]−M [η′c] = 48.6± 4.4 MeV
We note that,
∆M(1S) =M [J/ψ]−M [ηc] = 117± 2MeV
The measured ∆M(2S) is thus much smaller than
∆M(2S), and also from most of the theoretical
predictions. It should lead to new insight into
coupled channel effects on masses, and on the
spin-spin contribution of the confinement part of
the qq¯ potential.
6. Two-body Hadronic Decays of ψ′(2S)
The pQCD expectation is that [assuming
αs(ψ
′(2S)) = αs(J/ψ)] the ratio of light hadron
decays of ψ′(2S) and J/ψ(1S) is
QLH ≡
B[ψ′ → LH ]
B[J/ψ → LH ]
≈
B[ψ′ → e+e−]
B[J/ψ → e+e−]
≈ 13%
As a matter of fact, Q(ΣH)expt ≈ (17 ±
3)%. However,for individual hadronic decays this
3“13%” rule is found to be badly broken (QLH ≈
0.2 − 20%). No simple pattern is identifiable in
the breaking of this rule in terms of the nature of
the final state light hadrons.
BES has measured a large number of hadronic
decays. CLEO has now added many more [10],
and found many more examples of strong viola-
tion of this rule. Many possible theoretical expla-
nations of the variations have been offered, but
there is no consensus. Perhaps, like the strong vi-
olations of the Hadron Helicity Conservation rule
of QCD which have been observed in the pp¯ for-
mation and decay of spin 0 states ηc and χ0, this
is another example of the inapplicability of pQCD
in three gluon annihilations.
7. Radiative Transitions from ψ′(2S)
CLEO has measured the inclusive photon spec-
trum from ψ′(2S) decay [11]. The B(ψ′(2S) →
γχcJ(1P )) results are (9.33 ± 0.14 ± 0.61)%,
(9.07±0.11±0.54)%, and (9.22±0.11±0.46)% for
J = 2, 1 and 0 respectively. They are significantly
higher than the values obtained by the PDG by a
global fit to the ψ′(2S) data [3], but agree well the
previous measurements by the Crystal Ball [12],
and have improved statistical and systematic er-
rors. We also observe theM1 transition to ηc, and
obtain B(ψ′(2S)→ γηc) = (0.32± 0.04± 0.06)%,
but we do not observe the hinderedM1 transition
to η′c claimed by the Crystal Ball [12].
8. Radiative Cascade Decays, ψ′ → γγJ/ψ
CLEO-c has accumulated ∼ 6 pb−1 of data at
ψ′. With ∼3 million ψ′ decays, precision deter-
mination of branching ratios for the decay chan-
nels B(χcJ → γJ/ψ), B(ψ
′ → ηJ/ψ), B(ψ′ →
π0J/ψ) are being made from two photon cas-
cades.
9. New Narrow State X(3872)
The Belle Collaboration has recently observed
a narrow stateX(3872) decaying into J/ψ+π+π−
[13]. This observation has been confirmed by
Babar, D0 and CDF [14-16]. All measurements
are consistent with
M(X) = 3872± 1 MeV , Γ(X) ≤ 2.3 MeV
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Figure 3. Data events as function of ∆M ≡
M(π+π−l+l−)−M(l+l−). The ψ′(2S) is clearly
visible and no apparent “enhancement” is seen in
the X(3872) region.
Many proposals for the nature of this state have
been made
• a conventional charmonium state? [17]
• a D0 − D¯∗0 molecule? [18]
• an exotic state, hybrid, or glueball?
It is important to identify the quantum numbers
of X(3872) in order to understand its nature.
CLEO has searched for X(3872) state in
untagged γγ fusion (+C parity, JPC =
0++, 0−+, 2++, 2−+, ...), and in ISR production
( JPC = 1−−) with ∼ 15 fb−1 of CLEO III data
[19]. Exclusive channels X → π+π−J/ψ, J/ψ →
l+l− were analyzed (see Fig. 3).
No signal of X(3872) was found and the follow-
ing 90% confidence upper limits were set:
Untagged γγ fusion:
(2J + 1)ΓγγB(X → π
+π−J/ψ) < 12.9 eV
ISR production (JPC = 1−−):
ΓeeB(X → π
+π−J/ψ) < 8.3 eV
10. Summary
Heavy quarkonium spectrocopy continues to
produce precision results. With CLEO-c, we can
look forward to the observation of charmonium
1P1(hc) state, the search for charmonium 2P and
41D states, improved understanding ofD decays of
ψ′′(3770) and ψ′′′(4040), and glueballs and other
exotics.
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